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A. Basic Information 

1. Name of the project Development & commercialization of indigenous Bt and herbicide tolerant Maize hybrids 

2. Project No. 235 

3. Total Project cost  22.829 Million Rs 

4. Total project duration 60 Months 

5. Funds released so far  

6. Project commencement Date 01-06-2010 

7. Name of the Project Manager or Team 

Leader with designation 

Dr. Idrees Ahmad Nasir 

Professor CEMB, University of the Punjab Lahore 

B. Physical Research Achievements   

Outp

ut/Ac

tivity 

Description Planned 

Starting 

Date 

Planned 

Completion 

date 

Achievement 

Indicator as 

planned 

Achievements (Please attach 

data in brief as annexure if 

activity completed) 

Annexure 

Output

-1 

CEMB Bt and GTGene 

transformation in best 

selected Maize Inbred 

Lines. 

1/6/2012 1/10/16 Transformed Maize 

Inbred lines will be 

available 

Completed  

Activi
ty-1 

Development of 
Construct with CEMB Bt 
and GTGenes harboring 
monocot promoter in 

plant expression vector. 

1-6-2015 30-10-2015 Construct with CEMB Bt 
& GtGenes with 

monocot promoter in 
plant expression vector 

will be available. 

Completed Annexure-I 

Activity

-2 

Transformation of best 

selected parents by 

Agrobacterium/ biolistic 

gun with CEMB Bt and 

GTGene (at least 10 

insertion events)  

1/11/2015 25/8/16 Putative transformed 

lines with different 

insertion events will be 

available 

Completed Annexure-II 

Activity

-3 

Handing over seed of 

transformed lines to Agri 

Farm Services. 

28/8/16 20/9/16 Seeds of transformed 

lines will be available to 

Agri Farm Services. 

Completed Annexure-III 



 
 

Output

-2 

Confirmation of 

transgenic maize lines 

via molecular analyses 

and bioassays.  

20/4/16 15/05/17 Transgenic maize 

inbred lines will be 

available. 

Completed Annexure-IV 

 

Activity

-1 

ELISA and PCR analysis 

of putative transgenic 

plants  

20/4/2016 10/06/2016 Confirmed transgenic 

plants will be available 
Completed Annexure-IV 

 

Activity

-2 

Southern analyses of 

Confirmed transgenic 

plants  

5/9/2016 10/10/2016 Copy number of genes 

in Confirmed 

transgenic plants will 

be Known  

Completed Annexure-IV 

Output 

3 

Bio-safety Assessments 

of new Bt inbred lines 

1/10/2016 1/5/2017 

 

Data for bio-safety 

study will be available 
Completed  

Activity 

1 

Study of Horizontal gene 

flow to check the 

crossover of target gene 

to the other plant 

species. 

1/10/16 

 

1/5/17 

 

 

Data for Horizontal 

gene flow will be 

available 

Completed Annexure-V 

Activity 

2 

Study of Vertical Gene 

flow to evaluate the 

presence of Bt protein in 

soil, its kinetics and 

effect on soil organisms. 

1/10/16 

 

1/5/17 

 

 

Data for vertical gene 

flow will be available 
Completed Annexure-V 

Activity 

3 

Study of Effect of Bt on 

non target insects 

 

1/10/2016 

1/3/2017 

 

1/11/2016 

1/5/2017 

 

Data for effect of Bt on 

non target insects will 

be available. 

Completed 
Chrysopa perla found in fields of transgenic 

maize. 

Annexure-VI 

Activity 

4 

Study of effect of Bt 

protein on Animals  

(Mice /Rabbit)   

1/3/2017 

 

 

20/5/2017 

Data for effect of Bt on 

Animals (Mice and 

Rabbit) insects will be 

available. 

Completed 

Experimental mice were fed on diet 

prepared by transgenic maize. Data is shown 

in Annexure-VII  

Annexure-VII 

C. Bottlenecks, if any:                                                                                                            Signature of Project Manager/Team Leader 

 

 



Annexure-I 

 

 

 

 

Development of Constructs: 

For expression of Cry2A, Cry1Ac, and GTG gene in maize inbred lines, the genes were cloned in 

pCAMBIA 2300. For expression of multiple genes in single plant two genes indivualy driven by 

ubiquitin promoter was cloned in multiple cloning sites of pCAMBIA 2300. Cry2A was combined 

with GTG, while Cry1Ac was combined with Cry2A genes. The cassette maps for constructs A+B, 

A+C were shown in figure 1.A and B. The vector and insert DNA fragments were amplified, ligated 

by seamless cloning, transformed in top10 competent cells. To confirm gene insertion and 

orientation was done by Restriction digestion (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.A Map of Construct A + C with Cry2A and Cry1Ac genes with EcoRI 

sites shown. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Lane 1: 1Kb plus DNA ladder, 

Lane 2: pCAMBIA 2300 digested with 

EcoRI, Lane 3: Construct A + B, Lane 4: 

Construct C + D. 

  1      2       3        4  

Figure 1.B Map of Construct A + B with Cry2A and GTG genes with EcoRI 

and SalI sites shown. 

 



 
 

 

Annexure-II 

Transformation in Maize Lines. 

PCR Confirmation of Agrobacterium transformation 

 

After the freeze thaw transformation of both constructs (Cry1Ac + Cry2A, Cry2A+GTG) in 

Agrobacterium strainLBA4404, Agrobacterium strain was confirmed through PCR by using the 

primer pairs mentioned in Table  

Primer Name Sequence No of Bases Tm C 

Ach5FtsZ-F: 5′-GAACTTACAGGCGGGCTGGGT-3′  

 
21 72 

Ach5FtsZ-R: 5′-CGCCGTCTTCAGGGCACTTTCA-3′ 22 72 

 

Direct PCR of culture was performed using Phire Direct PCR Kit by Fermentas. Reaction mixture 

was made as per following 

Name Qunatity 

10 Reaction buffer 10 ul 

Ach5FtsZ F 1.5 ul 

Ach5FtsZ R 1.5 ul 

Taq 0.4 ul 

water 5.8 ul 

Agro culture 0.8 ul 

Total 20 ul 

 

PCR was done as per following profile and results were checked on 1% agarose gel (Figure 3). 

98    5 min 

98    8 sec 

72    25 sec             

72    5 min 

4      infinity 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immature Embryos: 

Immature embryos of 2-3 mm of selected maize in bred lines were excised and treated for 

agrobacterium mediated transformation of Cry1Ac, Cry2A and GTG genes. 

Plant tissue culture and regeneration 

To identify the suitable lines of Zea mays for genetic transformation, the embryos of different sizes 

were cultured on callus inducing medium. Some of the embryos were sliced longitudinally into 

halves as a treatment, some were given a little cut at shoot side and on few embryos small holes 

were created by using the aucopancture needles to facilitate transformation. Embryos were sterilized 

by treating them with mercuric chloride solution. 

Infection media contained 2g/l modified N6 basal salts mixture with vitamins, 1.5 mg/l 2,4-D, 700 

mg/l L-proline, 500 mg/l MES, 30g/l sucrose in pH 5.8 and 3 g/l gelrite for solidification. The 

media were sterilized by autoclaving it at 121oC for 20 minutes. Filter sterilized acetosyringone, 

400mg/l Cystein and 0.85 mg/l Silver nitrate (AgNO3) were added after autoclaving. The explants 

cultures were grown at 21oC for 3 weeks in darkness. The embryogenic calli were further 

     1                 2                    3                 4 

500 bp 

 

250 bp 

Figure 3. PCR for confirmation of Agrobacterium. Lane 1: 1 Kb DNA 

Ladder. Lane 2-3: Agrobacterium 380 bp band. Lane4: -ive control. 



 
 

transferred to the first regeneration medium, incubated at 25oC in the 16/8 h (light/dark) 

photoperiod at 7000 luxlight intensity for 2 weeks. 

The first regeneration medium contained 4.43 g/l MS salts and vitamins, 30 g/l sucrose adjusted 

pH at 5.8 and then added 3.0 g/l of phytagel in it. The cultures were maintained at 25±2oC under 

high light intensity (18,000 lux) in the 16/8 h photoperiod for 4 weeks in the secondary regeneration 

medium until the roots of the plantlets reached to 10cm. The secondary regeneration medium 

components were same as the first regeneration medium except it contained 25 g/l of sucrose init.  

The number of regenerated plants were then determined for each line. 

Agrobacterium strains and vectors 

Agrobacterium tummefacians strain LBA4404, harbouring the binary vector pCAMBIA1301 was 

used for transformation process. The plasmid pCAMBIA1301 contained ubiquitin promoter gene in 

the T-DNA, the broad host origin of replication (pVSI) and kanamycin resistant marker gene for 

bacterial selection. 

A. tumefacians strain LBA4404, (harbouring a standard binary vector pCAMBIA1301) was 

streaked out from -80oC glycerol stock onto an YEP agar plates containing appropriate antibiotics ( 

for LBA4404 50 mg/l rifampicin and 50 mg/l kanamycin). The plates were placed in incubator set 

at 28oC for 48 hours until single colonies were developed. That stock plates were usedon a weekly 

basis for upto a month. Single colony was further streaked on YEP medium plates containing the 

same antibiotics as stock plates. For all transformation experiments, Agrobacterium were grown at 

28oC for 2 days. 

Choice of antibiotics against bacterial overgrowth 

At earlier, before performing the transformation experiments, different antibiotics were compared 

for their capability to control the growth of Agrobacterium. For this purpose, three combinations of 

antibiotics were tested. The immature embryos of one inbred line were infected with overnight 

cultures of three Agrobacterium strains. The infected embryos were blotted by using sterile filter 

paper and cultured on plates of callus inducing medium containing each of 250 mg/l Cefatoxime or 

Timentin, or 200 mg/l Vancomycin + 50 mg/l Jentamycin. After every week, embryos were 

transferred to a fresh medium. The efficiency of Agrobacterium elimination for each antibiotic was 

determined after three subcultures. 

Embryo size and pretreatment  

The role and effect of embryo size and pretreatment culture on transformation frequency was 

studied in one inbred line of Zea mays as an efficient regeneratable genotype. For the 



 
 

transformation, the embryos of 0.5-5mm in length were used taken out of sterilized seeds. On the 

basis of length,  embryos were divided in to three groups: 0.5-2 mm, 2-3 mm, 3-5 mm. These 

embryos were inoculated with A. tumefacians LBA4404 (harbouring pCAMBIA1301) suspension 

cultures.  In all transformation experiments, the densities of bacterial cells were adjusted to 

OD550=0.4-0.5 in liquid infection (Inf) medium using a spectophotometer immediately before 

infection. The Inf medium consisted of 2g/l modified N6 basal salts with vitamins,  1.5 mg/l 2,4-D, 

700 mg/l L-proline, 35g/l sucrose and 18 g/l glucose. The pH was adjusted at 5.2 and medium was 

filter sterilized before being autoclaved. In transformation experiments, the bacterial suspensions 

consisting of one full loop of large colony from 48 h old cultivation were used and added in the 50 

ml falcon tube containing 5 ml of Inf medium supplemented with 100µM Acetosyringone (AS).  

The tube was fixed in shaker incubator on low speed (75 rpm) at 28oC for 5 hours. That pre-

induction step was carried out in all experiments. For innoculation of bacterial cultures,15-25 

immature zygotic embryos were washed twice in Inf medium containing acetosyringone in a 2ml 

tube and 1.5 ml of A. tumefacians suspension was added. Infection wasaccomplished by gently 

inverting the tube for 20 times before resting it upright for 20 minutes. For the better transformation 

of Agrobacterium, the embryos explants were dissected at tips with help of toothed dissecting 

forceps during the infection. The infected embryos were blotted dry on sterilized filter papers and 

were then placed on the plates of co-cultivation medium having scutellum side up. The cultures 

were incubated at 22±1oC for 3 days in darkness. 

The co-cultivation medium was consisted of modified N6 basal salts with vitamins, 1.5 mg/l 2,4-

D, 700 mg/l L-proline, 30 g/l sucrose in pH 5.8 and 3 g/l of gelrite. After autoclaving the medium, 

100µM AS, 400 mg/l Cystein and 0.85 mg/l Silvernitrate (AgNO3) were added. The explants were 

then further transferred on to another resting medium for 7 days in darkness at 28oC. The 

components of resting medium were same as in the co-cultivation medium, except that, AS was 

eliminated and 500 mg/l of MES and 250 mg/l   Cefatoxime was added for elimination of 

Agrobacterium. After that, the explants were transferred to the next selection medium. The first, 

second and third selection mediums were supplemented with 1.5, 3 and 5 mg/l PPT (L-

Phosphinothricin) respectively and pH was adjusted to 5.2. In each selection medium, the induced 

calli were maintained at 28oC for 2 weeks at darkness.  

 

 

 



 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
     

 

 

 

 

 

 

 

Figure 4: Excitation of immature embryos, Sterlization and Transferring to Induction, co 

cultivation media after Agrobacterium treatment   

Figure 5: Regeneration of embryos on regeneration l and ll media 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: A. Regenerated transgenic plants in tubes. (B ). Regenerated transgenic plants in glass 

jars. (C) Putative transgenic plants shifted to pots for acclimatization. (D) Putative transgenic 

plants at stage of selfing. (E) Putative transgenic Cobs harvested. 
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